Abstract. − − The production of collective excitations of the 154 Sm at FEL γ ⊗LHC collider is investigated. We show that this machine will be a powerful tool for investigation of high energy level excitations.
During the last decade great success has been achieved in measurement of the nuclear excitations with low multipolarity [1] . The study of these excitations, in particular collective magnetic dipole ones, gives valuable information about nuclear structure and nucleon-nucleon forces at low energy. The interest in studying these excitations has increased concerning the possibility of pion precondensations and ∆ isobar contributions to M1 response [2] and, besides, it has important implication on astrophysical processes [3] . A low lying branch of these excitations (ω < 4 MeV), so called scissors mode states, which are predominantly excited by orbital part of magnetic dipole operator, has been found for the isotopes with permanent deformation in a wide region beginning from light nuclei up to the actinides, including also transitional and γ-soft nuclei [4] . While spin-isospin interactions are responsible for generation of spin-vibrational magnetic dipole resonance in the region of the neutron binding energy [5] , experimentally the identification of high energy branch of the spin response is far from being trivial: measurements are made difficult by the weakness of the resonance and fragmentation of its strength in the low energy tail of the giant dipole resonance below neutron emission threshold (E < 9 MeV).
A comprehensive study of the magnetic dipole response in (e, e') scattering at upward angle [6] , (p, p') scattering at extreme forwarded angle [7, 8] and using (γ, γ') technique in tagget photon experiment [9] show that in heavy nuclei there exists very broad M1 resonance at energy interval between 7 and 11 MeV (centred at E ≈ 44⋅A -1/3 MeV). Moreover, there is the major disagreement between electron and proton scattering experiments, the broad structure observed in (p, p') measurement has not been seen in the electron scattering. Indeed, because of the limited energy resolution, individual states could not be discerned in the existing scattering experiments. Opportunities provided by the existing tagged photon sources also are not sufficient for studying these levels because energy resolution is ~50 keV in multi-MeV region [10] , therefore it is not sufficient for studying individual levels.
After the discovery of scissors mode excitations [11] , they were registered in many deformed nuclei using Nuclear Resonance Fluorescence (NRF) method [12] . However, capacity of NRF experiments for study of higher-lying excitations are limited by many factors . In this paper we study the production of high-energy excitations of 154 Sm nucleus at FEL γ ⊗ LHC collider.
In Table I we present main characteristics of 154 Sm 1 + excitations observed in (γ,γ') scattering [17] . It is seen that observed levels lie between 2 and 4 MeV. Of course, a lot of higher energy levels should exist, but they can not be detected by present experiments for reasons given above. In Table 2 Table   IV ) cover needed region.
Indeed, the energy of FEL photons can be expressed in practical units as [20] [ where E is the c.m. energy of the incoming photon (in our case it is very close to that in the rest frame of the nucleus), J exc and J 0 are spins of the excited and ground states of the nucleus.
Spin of the ground states of 154 Sm is equal to zero and J exc =1 for excitations under consideration. B in and B out are branching fractions of the excited nucleus into the entrance and exit channels, respectively, E R is the energy at the resonance and Γ is the total width of the excited states. The approximate value of averaged cross section has been found to be σ ave ≅σ res Γ/∆E γ , where ∆E γ is the energy spread of FEL beam in the nucleus rest frame;
. Event numbers for the excited levels can be calculated from R=L⋅σ ave using given luminosity and average cross section for LHC. Calculated event numbers are given in the last column of Tables I and II. FLQDOO\WKHQXPEHURI′) events are of the order of 10 7 per second for considered excitations of 154 Sm isotope. Using this huge statistics one will be able to investigate a lot of isotopes in a short time interval. 
